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This document summarizes the Planetary Quarantine Department a c t i v i t i e s  

being pursued, and the progress made, dur ing the  second quar te r  o f  calendar 

year 1967. 

1. Program Development and Analysis 

A. Descript ion. It has been assumed t h a t  there i s  a need fo r  a p rec ise  

way o f  determining what spec i f i c  act ions are needed i n  order t o  achieve 

planetary quarantine object ives.  That i s ,  what must be done r e l a t i v e  

t o  each space vehic le  i n  order t o  assure, i nso fa r  as possible, t h a t  

the goals of p lanetary quarantine are at ta ined. The determination of 

these s p e c i f i c  act ions i n  a cost -opt imal  fashion i s  termed program 

development and analysis.  

B. Progress. The d i s t i n c t i o n  between (1) determining the  act ions f o r  

planetary quarantine ob jec t ive  achievement and (2)  knowing how one 

- can determine them, i s  made. 

fee l ,  does the l a t t e r ,  but f u r t h e r  work i s  necessary t o  a c t u a l l y  

der ive  the former from it. 

A scheme has been developed which, we 

The fo l low ing  i s  a b r i e f  descr ip t ion  o f  

t h i s  scheme. 

Object ives are def ined t o  be statements conta in ing var iab le  quant i  t i e s  

and spec i fy ing  des i rab le values o r  modes o f  behavior f o r  the var iab le  

quant i t ies .  

provide a ra ison  d ' e t r e  f o r  the  program and provide a base against  

which the  success o f  the program i s  measured. 

Primary ob ject ives o f  a program are those ob jec t ives  which 

The f i r s t  step i n  program development and analys is  i s  the determinat ion 

o f  the  " s i g n i f i c a n t  factors' ' a f f e c t i n g  the values o r  behavior o f  the 
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var iab les occurr ing i n  the primary ob ject ives.  Then, these fac to rs  

a re  re la ted  t o  the  o r i g i n a l  .var iab les us ing a mathematical model 

( o r  models). 

t he  model i s  l a r g e l y  a mat te r  o f  judgement. 

behavior o r  values f o r  the  variables occurr ing i n  the primary ob jec t ives  

impl ies,  a t  l e a s t  gener ica l ly ,  the  existence o f  desired behavior O r  

values f o r  the parameters i n  the model(s) representing the  " s i q n i f i c a n t  

factors" .  

behavior modes cons t i t u te  the  secondaD object ives.  

t o  ob ta in  a se t  of secondary object ives w i t h  the  property t h a t  the  

achievement o f  the  secondary ob ject ives imp l ies  the  achievement of 

t he  primary ob jec t1  ves. 

The choice of both the se t  o f  s i g n i f i c a n t  f ac to rs  and 

The existence of desired 

Statements about these new parameters and t h e i r  desi red 

One attempts 

This process may be repeated beqinning w i t h  the  secondary objectives, 

leading t o  t e r t i a r y  objectives. The hope i n  repeat ing t h i s  process 

i s  that ,  eventual ly,  a l l  the  object ives so obtained may be d i r e c t l y  

phys i ca l l y  rea l ized:  e i t h e r  by measurement, con t ro l ,  o r  f i a t .  

If the scheme i nvol ves on ly  generic representat ion o f  v a r i  ables occur r ing  

i n  a l l  o f  the  object ives,  t ha t  i s ,  no s p e c i f i c  values are desired 

i n i t i a l l y ,  then w i t h  cos t  in format ion about those ob jec t ives  termed 

" d i r e c t l y  phys i ca l l y  rea l izable" ,  i t  i s  possible to :  

(i) obta in  cost-optimal act ions ( r e l a t i v e  t o  the t ree )  f o r  any 

s p e c i f i c a t i o n  o f  var iab le values i n  the  primary objectives, and 

( i i )  decide among poss ib le  spec i f i c  primary ob jec t ives  on the  bas is  

o f  cos t  ( a t  least ,  i n  par t ) .  

A repo r t  o f  t h i s  work i s  being prepared. 
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2. Modeling o f  Primary Objectives 

A. -- Descr ipt ion.  As ou t l i ned  above, the  f i r s t  step i n  program develop- 

ment and analysis i s  the  r e l a t i n g  o f  the primary ob ject ives of the  

program t o  the "s ign i f i can t  fac to rs"  i n f l uenc ing  t h e i r  attainment. 

A need was assumed f o r  t rans la t i ng  proqram non-contamination object ives 

i n t o  mission non-contamination requirements. It was f u r t h e r  assumed 

t h a t  an important s i g n i f i c a n t  f a c t o r  i n  the  attainment o f  the non- 

contamination ob jec t i ve  was the uncer ta in ty  inherent  i n  any space 

exp lo ra t ion  program. 

Progress. A model has been developed and i s  ava i lab le  as, "A Sequential 

Decision Model o f  Planetary Quarantine Primary Objectives", Sandia 

Corporation Research Report, SC-RR-67-462. 

B. 

study o f  e x t r a t e r r e s t r i a l  

be contaminated dur ing the 
A 

Here PNec represents the 

I n  t h i s  document, the non-contamination ob jec t i ve  o f  p lanetary 

quarantine was assumed t o  be o f  the  form: 

OBJECTIVE 1. The p robab i l i t y  t h a t  any p lanet  deemed important f o r  

i fe, o r  precursors o r  remnants thereof, 

next  T years s h a l l  no t  exceed (1  - PNeC.).  

east  acceptable p r o b a b i l i t y  t h a t  a p lanet  

no t  be contaminated i n  the t i m e  per iod  T. 

,. 

The word "contamination" and the  parameters T and b N e C  were con- 

s i dered va r i  ab1 e. 

under considerat ion should 

It was assumed t h a t  t he  primary des i re  f o r  a non-contamination ob jec t i ve  

ar ises f r o m  s c i e n t i f i c  object ives.  

i t  was found t h a t  there appears t o  be much uncer ta in ty  i n  space 

exp lo ra t ion  programs a r i s ing  from uncer ta in t ies  i n :  

I n  examining s c i e n t i f i c  object ives,  
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- s c i e n t i f i c  in format ion desired as a func t ion  o f  t ime 

- 
- 

performance of spacecraft and experiments 

knowledge about the  planets being explored. 

It was observed t h a t  w i t h  complete knowledge about a space exp lo ra t ion  

program, the t i m e  period, T, i n  Object ive 1 could be determined. 

Also, i t  would be possible t o  determine n(T), the t o t a l  number o f  

missions t o  be launched i n  the v i c i n i t y  of the  p lanet  i n  quest ion dur ing  

the per iod T. I f  these are known, then i t  i s  poss ib le  t o  der ive mission 

requirements from Object ive 1 i n  a simple fashion using the model 

L 

where PC(n(T)) represents the maximal acceptable p r o b a b i l i t y  o f  

contamination from any o f  the n(T) missions. 

The uncer ta in t ies  occurr ing i n  space exp lo ra t ion  make ce r ta in  

p r i o r i  knowledge o f  T and n(T) u n l i k e l y  however, and a model r e f l e c t i n g  

t h i s  uncer ta in ty  seems desirable. 

The sequential dec is ion model presented i n  t h i s  document includes t h i s  

uncer ta in ty  by a l lowing estimates o f  n(T) t o  be made pe r iod i ca l l y .  A t  

the same time, mission requirements may be der ived from these estimates 

w i t h  the use o f  the  model. A t  any dec is ion stage, these requirements 

are der ived i n  such a manner t h a t  Object ive 1 w i l l  be a t ta ined i f  the  

requirements are s a t i s f i e d  by each o f  the add i t iona l  missions estimated. 
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Speci f ica l ly ,  the model, i n  i t s  s implest  form i s  given by 

and fo r  k > 1 N1 - (1  - 6,) = PN,C 

A 

where 

N1 i s  the  f i r s t  est imate o f  the t o t a l  number o f  missions 

t o  be launched i n  the v i c i n i t y  of the  p lanet  i n  quest ion 

M1 i s  the  n u h e r  o f  these N1 missions launched p r i o r  t o  the  

second estimate o f  the number o f  missions required, 

and, i n  general, f o r  k > 1 

(yi: Mj) + Nk i s  the  estimate of the t o t a l  n u h e r  o f  
\" - 1 

missions to be launched i n  the v i c i n i t y  o f  the  

p lanet  i n  question, and 

Ik -1  \ 
C M + Mk i s  the number of these missions launched p r i o r  I i=l jl 

t o  the (k+ l ) s t  est imate o f  the number of \ "  ' I 

missions required. 

Further, i k  i s  def ined t o  be the  maximum acceptable p r o b a b i l i t y  

o f  contamination o f  the planet i n  question from any of the  l a s t  

Nk missions needed t o  f u l f i l l  the kth estimate o f  the t o t a l  

number o f  missions required. 

7 



I n  theory, t h i s  model: 

- requires no a p r i o r i  knowledge about T o r  n(T)  o r  the meaning 

o f  the word ncontaminationll, 

but ,  makes use of any such knowledge avai lab le,  

can make use o f  2 p o s t e r i o r i  knowledge about mission requi re-  

ments f u l f i l l m e n t ,  and 

impl ies poss ib le  penal t ies f o r  operat ion w i thout  knowledge 

( i k  may decrease as a func t ion  o f  k, imply ing more demanding 

mission requirements). 

- 
- 

- 

The aforementioned penal t ies are minimized by 

- 
- 

accurate p red ic t i on  o f  the  number o f  missions required, and 

e a r l y  readjustment o f  mission numbers when the  need f o r  a 

change i s  recognized. 

These penal t ies may be compensated f o r  by: 

- 
- the improvement i n  contamination cont ro l  technology, and 

- 

the use o f  & p o s t e r i o r i  mission knowledge 

improved knowledge about the  p lanet  being invest igated.  

O f  a l l  the  models now avai lable,  t h i s  appears t o  be the  on ly  one 

which makes no a p r i o r i  assumption about T and n(T). 

t h i s  sequent ia l  dec is ion model makes use o f  such in format ion 

when i t  i s  avai lab le.  

However, 

Two other  poss ib le  planetary quarantine ob jec t ives  were considered. 

These were 

OBJECTIVE 2. 

should be a t ta ined i n  such a manner t h a t  the  penal ty associated 

w i t h  i t s  achievement i s  acceptable na t i ona l l y ,  

The object ive o f  non-contamination (Object ive 1 )  
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and 

OBJECTIVE 3. Means fo r  achieving Object ive 1 should be known 

before the  year Y. 

The sequent ia l  decis ion model presented i n  t h i s  document may a i d  

appreciably i n  the achievement of Object ive 3, due t o  the  lack 

o f  need f o r  prec ise a p r i o r i  knowledge about the exp lo ra t ion  

program. I t  may a lso provide a foundation f o r  studies aimed 

a t  the achievement of Objective 2 through the  scheme ou t l i ned  

i n  A c t i v i t y  1. 

Thus, genera l ly  speaking, the sequential dec is ion model developed 

i n  t h i s  document seems t o  possess those a t t r i b u t e s  which were 

assumed desi rab le on the  basis o f  the  nature o f  p lanetary  quarantine 

object ives as they were envisioned here. 

A more general model al lowing various "classes" o f  space vehic les 

i s  given i n  the document as we l l .  

3. Microbia l  Death Models 

A. Descript ion. One leve l  o f  ob jec t i ve  occurr ing i n  the hierarchy 

o f  ob ject ives described i n  A c t i v i t y  1 invo lves microbia l  death. 

Spec i f i ca l l y ,  one desires knowledge about the  p r o b a b i l i t y  t h a t  

one o r  more microorganisms surv ive  a thermal environment. Several 

models are avai lab le.  Three items make advisable f u r t h e r  work i n  

the  area o f  microbia l  death models: 

( i )  cur ren t  models are based on no physical  assumptions as t o  

the  mechanisms producing death, i.e., they are simply used t o  

"f i t e- data", 
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(ii) curren t  models don ' t  fit the various types o f  microbia l  

death data avai lable,  and 

( i i i ) c u r r e n t  plans c a l l  for the ex t rapo la t ion  o f  these models 

cons i dera b 1 y beyond meas u rab l  e ranqes . 
Modeling ef for ts  here are based upon the assumption t h a t  death 

i n  a thermal environment occurs as a r e s u l t  o f  -- chemical molecular 

destruct ion.  The parameters occurr ing i n  the models are chemical 

reac t ion  r a t e  parameters. 

B. - Progress. To date, a model has been developed which exh ib i ts  

two important character is t ics :  

( i )  by varyinq the types o f  chemical react ions involved and t h e i r  

ra tes , t h i s  model y ie lds  a1 1 known "types" o f  microbial  

death curves, and 

( i i )  using Silverman's data a t  106OC and 120°C one may determine 

react ion rates a t  these temperatures needed by the model 

t o  " f i t "  the data. Using the Arrhenius equation and the  

react ion rates so obtained, one can p r e d i c t  the needed 

react ion rates a t  any other  temperature. When t h i s  p red ic t ion  

i s  ~ compared -- w i t h  Silverman's data a t  135OC, the f i t i s  almost 

per fect .  This i s  a r e s u l t  which produces confidence i n  the 

model. 

Current a c t i v i t y  i s  centered around attempts t o  inc lude the 

in f luence o f  environmental fac to rs  o ther  than heat, e.q. , water 

a c t i v i t y  and a i r  f low. 

A repor t  d iscussing the basic model i s  ava i lab le  as: 

Model f o r  Spacecraft S t e r i l i z a t i o n  Requirements", by J.P. Brannen, 

Sandia Corporation Research Report, SC-RR-67-256. 

"A Rational 



4. Prediction __A- of Microbial --- Burdens Prior t o  Sterilization 

A. Description. One of the siqnificant factors associated w i t h  the 

variables occurring i n  microbial death prediction objectives i s  

the microbial burden of the item being sterilized. T h a t  i s ,  a l l  

known microbial survival data indicates t h a t  the "effectiveness" 

of heat sterilization depends upon quantitative knowledqe of the 

microbial burden. As a f i r s t  step t o  predicting this burden i n  

the case o f  space vehicles, a model was developed ("An Assembly 

Contamination Model", E. J. Sherry, C. A. Trau th ,  Jr.,  Sandia 

Corporation Research Report, SC-RR-66-421. ) i n  which the para- 

meters were random variables. Means fo r  correlating these 

parameters w i t h  da t a  taken are needed. 

i t  i s  necessary t o  be able  t o  sample large irreqularly shaped surfaces 

accurately. 

below). Experimentation w i t h  irregular surfaces i n  laminar a i r  

flow environments is  under way, (Act iv i ty  6 ,  below). Modeling, 

based on this experimentation, is  needed t o  provide a means of 

I n  order t o  obta in  these, 

A device t o  do this has been developed (Activity 5, 

estimating the microbial burden on a spacecraft dur ing  (and 

possibly p r i o r  t o )  assembly. 

B. Progress. The project has just been begun. The delay i n  pursuing 

this area after the report, "An Assembly Contamination Model", 

referred t o  above, was made necessary by the need t o  develop devices 

and techniques for assaying large, irreqular surfaces accurately. 
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5. Surface Sampling Research and Development 

A. Descript ion. 

i r r e g u l a r l y  shaped surfaces was described i n  A c t i v i t y  4. 

laminar a i r  f l o w  environment, burdens are known t o  be l i g h t ,  so 

t h a t  a device capable of assaying l i q h t l y  loaded, larqe,  i r r e q u l a r l y  

shaped surfaces was desired. 

The need f o r  a r e l i a b l e  means o f  assaying large, 

I n  a 

B. Progress. A vacuum probe, us inq sonic energy t o  dislodge 

p a r t i c l e s  adherinq t o  surfaces has been developed. 

cons is ten t ly  removes +95% o f  t he  v iab le  p a r t i c l e s  from la rqe  f l a t  

aluminum surfaces. A repor t  on t h i s  device i s  avai lab le:  "A New 

Approach t o  the  Microbio log ica l  Sampling o f  Surfaces: The 

Vacuum Probe Sampler", V. L. Dugan, W. J. Whi t f i e ld ,  J. J. McDade, 

J. W. Beakley, F. W. Oswalt, Sandia Corporation Report SC-RR-67-114. 

Further e f f o r t s  have been expended t o  improve the  counting ef f ic iency 

o f  the vacuum probe using membrane f i l t e r s .  The most promising of 

these improved procedures e n t a i l  e i t h e r  washing the  f i l t e r  housing 

w i t h  a s o l u t i o n  o f  1% peptone water o r  swabbing the  i n t e r i o r  wa l ls  

w i t h  s t e r i l e  swabs wetted w i th  1% peptone. 

obtained from e i t h e r  the washing o r  the swab methods along w i t h  the 

membrane f i l t e r  de l i ve rs  a much improved system e f f i c iency .  

This device 

The assay o f  the  colonies 

Three f i l t e r  vacuum probes were taken t o  Goddard Space F l i g h t  Center 

t o  monitor the  Anchored In te rp lanetary  Monitor ing Plat form ( A I M P )  

f o r  mic rob io log ica l  loadings. Several sections o f  the  spacecraft 's 

surface, the  spacecraf t 's  shipping container, and the e lec t ron ics  

modules which comprise the bu lk  o f  the  system were sampled before 

and a f t e r  decontamination by both the vacuum probes and by standard 

swab techniques. This was done t o  es tab l i sh  a c o r r e l a t i o n  between 
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t he  best standard techniques and the  vacuum probe as both r e l a t e  

t o  the  mic rob io log ica l  sampling o f  space hardware. 

swab samples were taken f r o m  surfaces which had j u s t  p rev ious ly  

been sampled by the vacuum probe. 

was t o  ga in  in format ion on the e f f i c i e n c y  of the  probe as no t  on l y  

a microbio log ica l  sampling instrument b u t  a lso  as a c leaning too l .  

Also, a s e t  o f  

The primary reason fo r  t h i s  t e s t  

As o f  t h i s  date, the  resu l t s  o f  these tes ts  have n o t  been completely 

tabulated by the  Goddard personnel. 

A ser ies  o f  t e s t s  have been performed t o  es tab l i sh  the  dependence 

o f  the  vacuum probe's c r i t i c a l  o r i f i c e  upon atmospheric pressure. 

This was done usinq a Brook Model DS-1111 Flowmeter which i s  a 

c e r t i f i e d  primary standard. The r e s u l t s  o f  t h i s  study show t h a t  

the o r i f i c e  reaches i t s  c r i t i c a l  f low r a t e  ( p o i n t  a t  which flow 

ceases t o  increase w i t h  decreases i n  vacuum pressure) when the  

downstream o r i f i c e  absol Ute pressure i s  approximately one-ha1 f 

t h a t  o f  the upstream absolute pressure. Therefore, when us ing a 

probe t i p  which has a c r i t i c a l  f low r a t e  of two standard cubic f e e t  

per minute (SCFM) a t  sea leve l ,  a vacuum source w i t h  a c a p a b i l i t y  

o f  p u l l i n g  a t  l e a s t  two SCFM a t  a vacuum pressure o f  a t  most 

15 inches o f  mercury (one-half atmosphere) must be used. As a l t i t u d e  

increases and atmospheric pressure decreases the f low r a t e  necessary 

t o  reach the  c r i t i c a l  f low r a t e  decreases i n  very near ly  a l i n e a r  

fashion f o r  any p a r t i c u l a r  o r i f i c e  size. 

conducted i n  a s p e c i a l l y  b u i l t  pressure chamber which could simulate 

condi t ions from below sea l e v e l  t o  10,000 f e e t  i n  a l t i t u d e .  

A l l  o f  these tes ts  were 
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6.  - Experimentation i n  Laminar Flow Environments 

A. Description. A large problem i n  planetary quarantine is  the correla- 

tion of measurements t h a t  --- can be made w i t h  actual spacecraft loadinq. 

The objective of t h i s  experimentation is  to  provide rel iable  data 

on which modeling of this problem can be based. (See Activity 5) 

Progress. 

m e n t  of a physical model for the optimum collection and retention 

of microorganisms; however, the completion of the new f i l t e r l e s s  

laminar flow f a c i l i t y  i n  the near future will  qreatly accelerate this 

B. A limited amount of progress has been made in the develop- 

program. The curtained laminar flow room without the f i l t e r s  will 

provide laminar airflow conditions w i t h  the capability fo r  loadinq 

physical model s w i  t h  intramural m i  croorgani sms. A number of model 

studies and airflow studies are now being scheduled. 

7. Implementation System 

A. Description. 

based upon the modeling being done (par t icular ly ,  the assembly modeling) 

to  provide estimates of space vehicle microbial burdens by par t ,  

The objective of this project i s  to  design a system 

component, subassembly o r  , inter ior ,  exter ior ,  occluded categories 

d u r i n g  the assembly (and possibly manufacture and s t e r i l i za t ion )  

phase(s) of the vehicle. Several estimates will be qiven dependinq 

on information source. 

Proqress. 

as an information system. 

B. The resu l t  of this ac t iv i ty  may be viewed, i n  qeneral, 

I t  i s  necessary t o  specify the i n p u t s ,  

the nature of  the processor and the outputs. 

processor represents a computer code based upon much of the modelinq 

and experi mentat i  on described above. 

should, aqain, be determined by the experimentation and modeling. 

In these terms, the 

The t.ype of i npu ts  des i red 
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In actual usage, the sources of the i n p u t s  will depend upon the 

exploration program b e i n q  monitored. The desired output will  

depend upon the f l i g h t  program and the NASA P1anetar.y Quarantine 

Organization's responsibil i t ies f o r  tha t  proqram. 

experimentation and modelinq described above, proqress i n  this 

act ivi ty  has involved o b t a i n i n q  descriptions of f l i q h t  proqrams 

and the NASA Planetary Quarantine responsibility for each. 

Sources of i n p u t s  have been identified (where possible), and 

some proqress has been made i n  speci f y i n q  the desi red ou tpu t s .  

Exclusive of the 

8. Experiments i n  Ultrasonication 

A. Description. One o f  the primary methods relied on i n  standard 

procedures f o r  the microbiological examination o f  space hardware 

is  the collection o f  microorqanisms on 1" x 2" s ta inless  s teel  

strips which are then assayed. T h e  only major problem associated 

w i t h  the assay of  the stainless steel  strips arises i n  the removal 

of the micro-size orqanisms by ultrasonic cavitation, the standard 

method uti l ized. A proqram desiqned t o  develop improvements i n  

the ul  trasonication procedures which 

has just been completed. 

Progress. 

ultrasonication time from twelve minutes t o  two minutes for a 

sinqle s e t  of samples, to  reliably e f fec t  a mean of  99+% removal 

of the microorganisms, and t o  s tab i l ize  the temperature of the 

sonication f l u i d s  being used. 

ments i s  available as :  

of  Microorganisms from Surfaces", by F. W .  Oswalt, J. J .  McDade, 

C. M. Franklin, V. L. Dugan, Sandia Corporation Research Report, 

are beinq extensively used 

6. The results o f  the research proqram have been t o  shorten 

A report describinq these improve- 

"An Improved Sonication Method for  Removal 

SC-RR-67-492. 
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9. Retrieval of Terrestr ia l  Microorganisms from the Lunar Surface 

A. Description. T h e  present study has as i t s  goal the determination 

of the probability that  a lunar lander experiment re t r ieves  a t  

l e a s t  one viable t e r r e s t r i a l  microorganism t h a t  has been deposi ted 

on the moon by previously impacting spacecraft. The major problem 

t o  be solved i n  achieving the goal of the study is  the problem of 

estimating the contribution of each spacecraft impactinq on the moon 

t o  the distributed microbial loading on the lunar surface. More 

specif ical ly ,  the problem of computinq the probabi l i t ies  mentioned 

above can be broken down in to  four sub-problems that  require atten- 

t ion .  These are  problems of:  

( i )  the a t t e n u a t i o n  of  the i n i t i a l  ( a t  launch) microbial burden 

of a spacecraft d u r i n g  the time occupied i n  t r a n s i t  from 

launch t o  impact on the moon, 

( i i )  the dispersal (or  t ransfer  t o  the lunar surface) o f  the surviv- 

i ng microorganisms upon impact of the spacecraft, 

( i i i ) t he  attenuation of  the dispersed microorganisms as a function 

of t h e i r  residence time on the lunar surface,  and 

( i v )  the possi b i  l i  t y  t h a t  microorganisms can be transported away 

from the i r  i n i t i a l  p o i n t s  of deposition a f t e r  the impact 

dispersal . 
B. Progress. A l i t e r a tu re  search has been completed which, besides 

providing a general background f o r  attacking the problems , indicates 

t ha t  there i s  no mechanism t h a t  can transport  microorganisms away 

from t h e i r  po in t s  of deposition over the time scales we are con- 

cerned with. 

required tha t  i t  be reconsidered. 

T h u s ,  sub-problem ( i v )  i s  settled u n t i l  new evidence 

Sub-problem ( i i i )  i s  also 



resolved; how agreeably resolved depends, o f  course, upon the  

accep tab i l i t y  of microbia l  death models used and the  assumptions 

made about the degree of protect ion o f fe red  t o  some o f  the micro- 

organisms by imbedding i n  the lunar  s o i l .  

w i t h  which sub-problem ( i )  can be t rea ted  depends la rge ly  upon 

The amount o f  d e t a i l  

the  d e t a i l  provided fo r  i nd i v idua l  spacecraf t  f l i g h t s .  Sub-problem 

(i) i s ,  i n  p r i nc ip le ,  s e t t l e d  bu t  subject  t o  rev i s ion  according 

t o  the amount o f  informat ion t h a t  i s  made ava i l ab le  t o  us. Work 

on the  key problem o f  the  whole study, sub-problem ( i i ) ,  i s  i n  

progress. 

10. Pr inc ip les  o f  Contamination Control 

A. Descr ipt ion.  The object ive o f  t h i s  a c t i v i t y  was t o  prepare a 

document, su i  t a b l e  f o r  management use, descr ib ing the need f o r  ,and 

problems a r i s i n g  in,contamination cont ro l .  

publ ished by the O f f i ce  o f  Technology U t i l i z a t i o n ,  NASA. 

Progress. 

Technology U t i l i z a t i o n  Div is ion,  NASA, and Messrs. Whi t f ie ld ,  

Paulhamus and Garst, 2572, t o  discuss the References and B i b l i o -  

graphy Section o f  the "Pr inc ip les o f  Contamination Control".  It 

was agreed t h a t  c i t e d  references were not  appropr iate f o r  t h i s  

document, bu t  t h a t  each o f  the  major sect ions should have a 

The document i s  t o  be 

B. A meeting was held May 16, 1967, by M r .  Morr is Sandel, 

b ib l iography pe r ta in inq  t o  the sec t ion  top ic .  

b ib l iograph ies  were prepared and forwarded t o  the Off ice of Technology 

U t i l i z a t i o n  on June 13, 1967. 

These sect ional  

11. Contamination Control Study 

A. Descr ipt ion.  The object ive o f  t h i s  a c t i v i t y  i s  t o  prepare a de ta i l ed  

working document about contamination cont ro l  f o r  use by contamination 

cont ro l  engineers, design engineers, and so for th .  

17 



B. Progress. 

Contamination Control Handbook. This o u t l i n e  w i l l  serve as a 

skeleton f o r  the Handbook, although some minor addi t ions and re-  

arrangements may occur. 

A completely revised o u t l i n e  was developed f o r  the  NASA 

An extensive e f f o r t  i s  being made t o  ob ta in  technica l  in format ion 

from competent manufacturers on products, mater ia ls  and techniques 

re la ted  t o  contamination contro l .  More than 200 contacts have 

been made by telephone and l e t t e r .  The r e s u l t s  o f  t h i s  approach 

are very encouraging. 

are: 

Some o f  the  more s i g n i f i c a n t  resu l t s  t o  date 

1. 

2. 

3. 

4. 

A subs tan t ia l  quant i t y  o f  technica l  in format ion and data has 

been received on such subjects as gas and l i q u i d  f i l t r a t i o n ,  

c leaning solvents and chemicals, c leanl iness monitor ing 

techniques, various t.ypes o f  c leaning equipment, and clean 

environment f a c i  1 i t i e s  o f  a1 1 types. 

Attendance was i n v i t e d  and accepted t o  a one-day c leaninq 

semi nar i n M i  nneapol i s  , Minnesota. 

Representatives o f  E. I. duPont de Nemours Co., Turco Products, 

and Hami 1 ton Manufacturing Co. have v i s i t e d  Sandia t o  discuss 

the Handbook and t o  contr ibute informat ion.  

Contacts have been establ ished w i t h  other  companies t o  v i s i t  

t h e i r  f a c i l i t i e s  and obta in  data on specia l ized contamination 

cont ro l  techniques. 

I n i t i a l  work has begun on the microbia l  decontamination sect ion of 

the Handbook. 
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A preliminary rouqh d r a f t  o f  the subsection on vapor 

has been completed. 

Personnel involved w i t h  this contract attended the S 

degreas i nq 

x t h  Annual 

Technical Meeting o f  the AACC i n  Washington, D. C . ,  May 15-18,1967. 

The purpose of  attendance was t o  evaluate l a t e s t  developments i n  

techniques, materials and equipment,  and t o  par t ic ipate  in the 

technical sessions. Several contacts were made which should be 

valuable i n  preparing the Contamination Control Handbook. 

Mr. F. J. Beyerle, MSFC, Huntsville, visited Sandia on Apri l  25, 

1967, t o  review progress on the NASA Contamination Control Handbook 

and t o  par t ic ipate  i n  a planning session fo r  the NASA/AEC Contamin- 

ation Control Conference t o  be held i n  Albuquerque on September 12-14, 

1967. 

completed and speakers are b e i n q  secured. 

I n  regard t o  th i s  conference, a tentat ive agenda has been 

Mr. W. J. Whitfield participated i n  a NASA Contract Oral Review 

Meetinq i n  S t .  Louis on April 27, 1967, a t  which he reviewed 

developments and current ac t iv i t ies  on NASA Contracts R-09-019-040 

and H-l3245A. 

Mr. Anello Ross, Fairchild-Hiller Corp., visited Sandia on June 12-13, 

1967, t o  exchange information on contamination control procedures. 

Under a contract  w i t h  the USAF, Fairchild-Hiller i s  preparing an 

operator 's  manual fo r  clean envi ronments for photoqraphic processinq 

areas. 
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